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김  요  식

Endothelium 

• Single cell lining covering inner surface of blood 
vessel

• Role; maintain blood fluidity and vascular health

• Turn over time of endothelium

> 3 years in adult mice

 

 

Endothelial Function

Healthy
Endothelium

Anti-inflammatory

Inhibition of leukocyte 
adhesion and migration

Antithrombotic

Inhibition of platelet 
adhesion and 
aggregation

Anticoagulant and 
profibrinolytic

Antihypertrophic 

Inhibition of vascular 
smooth muscle 
proliferation and 
migration

Endothelium 
dependent 
vasodilation
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Endothelium-derived NO

• Leukocyte adhesion and infiltration into arterial wall is an 
essential step in atherosclerotic lesion formation

• Regulated by leukocyte adhesion molecule

• Pharmacological inhibition of endothelium derived NO lead to 
marked increase of adhesiveness for monocyte.

Attenuated by L-arginin, substrate of eNOS

• In eNOS deficiency mice, leukocyte – endothelial cell interaction 
increase

• Inhibition of eNOS results in increased expression of leukocyte 
adhesion molecules and critical chemokines, such as monocyte 
chemoattractant protein -1

 

Vasodilatation, 

Inhibit the release of ET-1

smooth muscle proliferation

leukocyte adhesion

platelet aggregation 

tissue factor production

Endothelium-derived NO

Mechanism of Endothelial Dysfunction

• Endothelial dysfunction is a multifactorial process

Production of reactive oxygen species

superoxide ↑ in atherosclerosis and coronary disease

superoxide + NO peroxynitrate & loss of bioactive NO

superoxide + BH4 (eNOS cofactor) eNOS uncoupling 
↓NO,↑superoxide

redox sensitive inhibition of dimethylarginine 
dimethylanimohydrolase (DDAH) ↑eNOS inhibitor (asymmetric 
dimethylarginine, ADMA) 

Other source of superoxide: NADPH oxidase, (BH4 를 산화 uncoupling)

Xanthin oxidase  

• Superoxide dismutase (SOD)

vascular superoxide level is regulated not by its 
production but its degradation.

• Extracelluar form of SOD (ecSOD) ; 
mainly located between ednothelium and smooth muscle

NO induces ecSOD expression in arterial wall.

if NO↓ ecSOD↓ superoxide↑ endothelial dysfucntion

Mechanism of Endothelial Dysfunction

 

Methods to Quantify Endothelial Function

• Intracoronary agonist infusion with quantitative coronary 
angiography

• Brachial artery catheterization with venous occlusive 
plethysmography

• Vascular tonometry and measurement of vascular stiffness

• Brachial artery Ultrasonography with FMD

Serum markers of endothelial dysfunction
• Plasminogen activator inhibitor -1

• Endothelin

• Adhesion molecules (VCAM, ICAM)

Assessment of Endothelial Function
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• Enodthelium Dependent Vasodilation

to Ach

to Flow 

Conduit artery; 직경을 측정

Resistance artery; flow velocity

Assessment of Endothelial Function

 

Endothelium

Vascular SM

Arterial lumen

Arterial occlusion

Ischemia

Reactive Dilation

Flow Velocity

Shear Stress

Induce eNOs

(J Am Coll Cardiol 2002;39:257–65)

FMD is measured as the percentage 
change in brachial diameter from the 
baseline in response to the increased 
flow.

 

(J Am Coll Cardiol 2002;39:257–65)

Baseline After reactive hyperemia

Fig. 3. A continuous recording of brachial artery diameter and blood flow velocity during cuff inflation and after 
cuff deflation.
The FMD indicates the endothelial function of the conduit artery, while the maximum blood flow response 
indicates that of the resistance vessels, although FMD is also indirectly affected by the endothelial function of 
the resistance vessels. In addition to FMD and the maximum blood flow increase, the time to maximum 
response for FMD or blood flow may also be used as indices of endothelial function.

Hypertens Res Vol. 31, No. 12 (2008)

Artery 
diameter

Flow 
velocity

 Hypertens Res Vol. 31, No. 12 (2008)
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Potential link between endothelial dysfunction 
and vascular event

• Endothelial dysfucntion represent cumulative effects of 
traditional risk factors on vascularture.

• Endothelial dysfunction reflects the presence and extent of 
atherosclerosis.

• Various endothelial function in patients with atherosclerosis

• Inability to limit local shear stress at the arterial wall

• Loss of anti-inflammatory effect

anti-platelets effect 

anti-fibrinolytic factor

pro-inflammatory factors            

 

Endothelial Function and Vascular Event

• Increased cerebrovascular risk impaired FMD in Pt 
with HET

• TIA less frequent in improved FMD in HET

• Frequent CVD in patient with low FMD over 4.5 F-U 
years

• 5 year prognosis in patient with chest pain

more CVD in patients with <10% FMD

Predictive Value of Endothelial Dysfunction

 

Endothelial Dysfunction in Stroke

Impaired Endothelial Function of Forearm Resistance Arteries 
in CADASIL patients

(Stroke. 2007;38:2692-2697.)

 

Lacunar Infarction and Systemic Endothelial 
Dysfunction

Group A,  
stroke patients

Group B, 
patients with 
risk factors

Group C, 
Healthy 

volunteers

IMT (mm) 0.86 ±0.18 0.82 ± 0.16 0.64 ± 0.15*

Flow-Mediate 
dilatation(%)

0.4 ± 5.0** 3.8 ± 4.8** 7.9 ± 6.0*

Acta neurol scand 2006;113:273
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Cerebrovascular Reactivity to L- Arginine
in Patients with Lacunar Infarctions

Cerebrovasc Dis 2006;21:180.186

 

YS Kim,Cerebrovasc Dis 2009;28:166–170
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a comparison of lacunar infarction, cerebral 

atherosclerosis and control group
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Figure 2. The number of circulating 
EPCs in peripheral blood of patients 
with High and low FMD.

Figure 3. Relation between circulating EPC 
and FMD in patients with cerebral small vessel 
disease (R2: 0.383 p=0.001)

Unpublished data 2007

 

Influence of Atorvastatin Treatment on L-Arginine
Cerebrovascular Reactivity and Flow-Mediated
Dilatation in Patients With Lacunar Infarctions

(Stroke. 2006;37:2540-2545.)
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Clinical Value of FMD

• FMD may be a noninvasive means of assessing endothelial 
function. (r=0.78,p<0.001)

• Impaired FMD is associated with cardiovascular disease and its 
major risk factors, and improved with pharmacological agents of 
known benefit in cardiovascular disease.

• FMD provides significant diagnositic and prognositc information 
in patients either with or at risk for CAD.

In suspected CAD, brachial artery FMD<4.5% has sensitivity, 
specificity and PPV of 71%, 81%, and 95%.

FMD>10% has NPP of 95% for ischemia as detected with 
exercise myocardial perfusion image.

• Possible association between SVD and endothelial function 
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